BACKGROUND: Hospital care on weekends has been associated with delays in care, reduced quality, and poor clinical outcomes. OBJECTIVE: The purpose of this study was to evaluate the impact of a weekend hospital intervention on processes of care and clinical outcomes. The multifaceted intervention included expanded weekend diagnostic services, improved weekend discharge processes, and increased physician and care management services on weekends. DESIGN AND PATIENTS: This was an interrupted time series observational study of adult non-obstetric patients hospitalized at a single academic medical center between January 2011 and January 2014. The study included 18 months prior to and 19 months following the implementation of the intervention. Data were analyzed using segmented regression analysis with adjustment for confounders. MAIN MEASURES: The primary outcome was average length of stay. Secondary outcomes included percent of patients discharged on weekends, 30-day readmission rate, and in-hospital mortality rate. KEY RESULTS: The study included 57,163 hospitalizations. Following implementation of the intervention, average length of stay decreased by 13 % (95 % CI 10-15 %) and continued to decrease by 1 % (95 % CI 1-2 %) per month as compared to the underlying time trend. The proportion of weekend discharges increased by 12 % (95 % CI 2-22 %) at the time of the intervention and continued to increase by 2 % (95 % CI 1-3 %) per month thereafter. The intervention had no impact on r e a d m i s s i o n s o r m o r t a l i t y. D u r i n g t h e p o s timplementation period, the hospital was evacuated and closed for 2 months due to damage from Hurricane Sandy, and a new hospital-wide electronic health record was introduced. The contributions of these events to our findings are not known. We observed a lower inpatient census and found differences in patient characteristics, including higher rates of Medicaid insurance and comorbidities, in the post-Hurricane Sandy period as compared to the pre-Sandy period.
INTRODUCTION
Multiple studies have demonstrated that there are differences in the quality of care delivered in hospitals, depending on the day of the week. Compared to care on weekdays, care on weekends has been associated with delays, 1,2 decreased intensity, 3, 4 and poorer performance on quality-of-care metrics such as time to reperfusion for acute myocardial infarction and completion of discharge instructions. [5] [6] [7] [8] [9] [10] [11] This variability in care may have important clinical implications, as weekends in the hospital have been associated with increased mortality. [8] [9] [10] [11] [12] [13] [14] [15] At our medical center, we observed that the number of discharges was substantially lower on weekends than on weekdays. The number of discharges was highest on Mondays, and hospitalizations that ended on Monday were associated with a long length of stay. These observations suggested that there were delays in care over the weekend leading to increased length of stay. Furthermore, we observed that while some services, such as imaging or operating rooms, were at or even above capacity during the week, they were being underutilized on weekends. To address concerns related to differences in care throughout the week, our medical center instituted an intervention to increase weekend services and staffing called the 7-Day Hospital Initiative. 16 This was a major initiative that was championed by hospital executive leadership and was guided by a steering committee that included both clinical (e.g. chief medical officer, chief nursing officer) and operational (e.g. chief of hospital operations, chief information officer) leadership. The purpose of the current study was to evaluate the effectiveness of this intervention on length of stay and other process and outcome measures.
METHODS
Design and Setting. We performed an interrupted time series observational study of patients hospitalized at Tisch Hospital, a 705-bed teaching hospital that is the flagship acute care hospital of NYU Langone Medical Center. In this quasiexperimental design, changes in an outcome are associated with the introduction of an intervention while accounting for temporal trends in the outcome. 17 Patients eligible for inclusion in the study were those who were 18 years of age and older and who were admitted to the hospital after January 1, 2011 and discharged before January 31, 2014. We excluded patients on the obstetrical service and patients who were discharged on October 30, 2012, the day on which the hospital was evacuated due to the effects of Hurricane Sandy.
This study was approved by the NYU School of Medicine Institutional Review Board (IRB).
Intervention. The 7-Day Hospital Initiative was a multifaceted intervention consisting of five major components: 1) expanded access to diagnostic procedures on weekends; 2) expanded hospitalist coverage on the medicine service on weekends, with improved structure for patient handoffs; 3) increased care management services on weekends; 4) improved discharge processes; and 5) increased elective surgeries on weekends (Table 1 ). In addition, providers and staff were encouraged to provide ongoing feedback regarding weekend quality of care in order to foster ongoing improvement.
Initial discussions related to targeting weekend versus weekday variations in care began in late 2010, 16 based on evaluation by hospital operations as well as feedback from physicians, nurses, and other clinicians regarding the causes of weekend hospital inefficiencies. Implementation of the intervention largely occurred in calendar year 2012. For analytic purposes, we considered the 7-Day Hospital Initiative implementation to have started on July 1, 2012, the date on which the hospitalist service component of the initiative began.
Hurricane Sandy. On October 29, 2012, Hurricane Sandy descended upon New York City, resulting in widespread flooding and loss of power. NYU Langone Medical Center sustained extensive damage from the storm, requiring emergency evacuation of more than 300 inpatients and closure of the hospital to repair infrastructure. 18 Surgical and intensive care unit inpatient services were reopened on December 27, and nearly all other inpatient services were restored by January 14, 2013. 19, 20 The emergency department remained under construction for the duration of the current study and reopened April 2014, with an urgent care center established in the interim to provide immediate patient care. 20 21 admission day of the week, and service intensity weight (SIW). SIW is a relative measure of resources needed for a given All Patient Refined Diagnosis Related Group (APR-DRG) in the state of New York.
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Statistical Analysis. Baseline characteristics were presented as percentages or means with standard deviations, as appropriate. We used chi-squared tests and t tests to compare characteristics of patients across time.
The interrupted time series study was performed with each calendar month as the unit of time. We examined trends for 18 months prior to and 19 months following implementation of the intervention. The two months (November and December 2012) of storm-related hospital closure were considered to not have contributed to time in the model; i.e. January 2013 was treated analytically as the month following October 2012. Associations between the intervention and outcomes were analyzed using segmented regression analysis [23] [24] [25] For the outcome of length of stay, a negative binomial model was fit, while for the outcomes of percent weekend discharges, 30-day readmission, and in-hospital mortality, logistic regression models were fit. In each model, we included three variables to measure the relationship of time and the outcome of interest: 1) a continuous time variable to represent the underlying temporal trends; 2) a dummy variable for the post-intervention period to determine the change in outcome related to the intervention; and 3) a continuous time variable, which began at the start of the intervention, to represent the change in slope. [23] [24] [25] The coefficients of the latter two variables were of primary interest and indicated whether the Increased elective weekend surgeries Implemented strategies to increase the number of elective, primarily outpatient, surgeries performed on weekends. Strategies included increased weekend staffing of operating rooms, increased availability of high-demand operating rooms on weekends, and physician incentives/requirements to perform weekend surgeries.
January 2012-December 2013 intervention had an immediate or ongoing effect on the outcome of interest, respectively. Results for the relationships between time and outcomes were presented graphically using post-estimation adjustment for covariates. We performed subgroup analyses for patients on the medicine and surgical services. Within the medicine service, we performed subgroup analyses of patients who were cared for by hospitalist physicians, who worked exclusively with inpatients and were employed by the hospital, or non-hospitalist physicians. Differences between the services were determined based on the coefficient for the interaction term.
Trends in the rate ratio of weekday to weekend EHR interactions were presented graphically to demonstrate changes across time. To help assess the validity of comparing this metric across two different EHRs, we presented the mean number of EHR interactions before and after the implementation of the new EHR at our hospital, which coincided with hospital reopening following Hurricane Sandy. Differences between the pre-and post-EHR implementation periods were compared using t tests.
RESULTS
Implementation of the components of the 7-Day Hospital Initiative occurred at various time points (Table 1 ). The increase in weekend staffing of hospitalists occurred on July 1, 2012, when the number of weekend hospitalists on staff increased from 6.5 to 12.5 full-time equivalents. Concurrently with this new staffing model, handoffs were redesigned such that the weekend hospitalist was included in rounds with the weekday hospitalist and resident team each Friday to review the plan for each patient at the bedside. The majority of new weekend social workers and care managers were hired around this time, but due to delays following hospital closure after Hurricane Sandy, the increase in care management staffing was not fully completed until early 2013 (Table 1) . With the increased weekend staffing, physicians and care managers began to review the disposition of all patients on weekend mornings; previously, communication between these staff was infrequent and only occurred if a significant issue arose. Formal interdisciplinary rounds were introduced only at the end of the study period ( Table 1) . The study included 57,163 hospitalizations, representing a total of 38,703 unique patients. Of these hospitalizations, 48.5 % were on the medicine service, 37.3 % were on surgical services, and 14.2 % were on other services ( Table 2 ). The mean age of hospitalized adult patients was 61.4 years, 50.2 % of patients were female, and 9.9 % of patients were black. Although weekends represent 28.6 % of the week, only 13.1 % of all hospitalizations began with admission on a weekend day (Table 2) .
Of the three full calendar years included in the study, 2011 contributed the greatest number of hospitalizations, which at least partly reflects hospital closure and the aftereffects of Hurricane Sandy during 2012 and 2013. The average (SD) census of included patients was 374.3 (47.5) before hospital closure and 301.4 (45.1) after hospital reopening; the census did not reach that of the pre-Sandy period until August 2013. Some differences were noted in patient characteristics across time. For instance, patients hospitalized during the post-Sandy period were more likely to be Medicaid beneficiaries and to have a higher Charlson comorbidity index, but lower service intensity weight, as compared to patients hospitalized during the pre-Sandy period. Hospitalizations during the post-Sandy period were also more likely to be on the surgical service and less likely to have begun on a weekend day ( Table 2) .
Prior to the intervention, there was an underlying trend of an increase in average length of stay of 1 % (95 % CI 1-2 %) per month (Table 3 ). Immediately following introduction of the intervention, overall hospital length of stay decreased by 13 % (95 % CI 10-15 %). This was followed by a continued decrease of 1 % per month as compared to the underlying time trend, or no change as compared to the new baseline following the introduction of the intervention (Fig. 1) . Similar trends were observed on the medicine service, while reduced length of stay was not observed for surgery patients (Fig. 1) . Results in trends of length of stay were similar between medicine patients on the hospitalist service versus non- The percent of weekend discharges was 19.1 % in the pre-intervention period and 22.0 % in the post-intervention period. The proportion of weekend discharges increased by 12 % (95 % CI 2-22 %) at the time of the intervention and continued to increase by 2 % (95 % CI 1-3 %) per month thereafter (Table 3 ; Fig. 2) . In 30-day readmissions, there was a nonsignificant decrease of 10 % (95 % CI −1 % to 19 %) at the time of the intervention, and no subsequent change. There were no significant changes in mortality during the study period (Table 3 ; Fig. 2 ). Trends in these secondary outcomes were generally similar between medicine and surgery services (p>0.05 for differences between these services).
The rate ratios of weekday to weekend EHR interactions decreased substantially after January 2013 (Fig. 3) , the month in which a new EHR was implemented in our medical center. Furthermore, the overall number of EHR interactions significantly increased following implementation of the new EHR, from 2.8 (SD 1.4) to 4.4 (SD 1.7) per patient per hour (p<0.001 for difference).
DISCUSSION
The 7-Day Hospital Initiative, a multi-component initiative to increase hospital services on weekends, was associated with a sustained reduction in length of stay. However, this association must be interpreted in the context of concurrent hospital changes during the study period. Specifically, we were unable to determine the contribution of hospital closure due to Hurricane Sandy and the implementation of a new EHR to our findings. The 7-Day Hospital Initiative was also associated with an increase in the proportion of patients discharged on weekends, which likely contributed to the observed decrease in hospital length of stay. We did not detect an impact on clinical measures of 30-day readmission or in-hospital mortality.
Retrospective studies have noted differences in care and outcomes between weekends and weekdays. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] A number of prior analyses have suggested that the introduction of care components similar to elements in our intervention may lead to reductions in hospital length of stay. For instance, improved night and weekend physician coverage has been associated with reduced length of stay. 26, 27 In a real-world setting, the evaluation of the clinical impact of a hospital initiative can be challenging. Any findings regarding the effect of an intervention on care and clinical outcomes may be limited by various factors, including temporal changes in patient case mix, trends in care patterns and outcomes, and concurrent hospital initiatives, such as a new EHR, which may also affect outcomes. To help mitigate such concerns, we performed a time trend study, which accounts for secular trends, and adjusted for patient case mix. 17 In addition to these relatively routine threats to validity, our hospital delivery system experienced two changes during the study period: a natural disaster and a new EHR. The biggest challenge to the validity of our analytic framework in this realworld study was the evacuation, shutdown, and phased reopening of the entire hospital in the wake of Hurricane Sandy. Our administration worked intently to be able to reopen only two months after the storm. However, the early Bpostreopening^period differed from the Bpre-closing^period in a number of respects. For instance, due to substantial damage, the emergency department was replaced by an urgent care center, which is not serviced by emergency medical services ambulances. The lack of a full-service emergency department contributed to the reduction in hospital volume and changes in case mix observed in the months after reopening. The decreased census in the post-Sandy period may have led to an improvement in patient flow through the hospital, with a resulting decreased length of stay that may have been independent of the intervention. Patients with extended hospital stays needed to be discharged when the hospital closed, and it took time to replenish this cohort after the hospital reopened. Our findings must be interpreted in the context of these differences in case mix, patient census, and hospital flow between pre-closing and post-closing periods.
We considered several analytic approaches to account for the closure. As an interrupted time series study considers that part of the effect of the intervention may be related to increased uptake over time, we decided on an approach to consider closure time as a time gap. In other words, we did not believe that the time of hospital closure would lead to further implementation or uptake of the initiative, although we were unable to measure the aggregate effect of closure on the effectiveness of the initiative.
The second change, while not a regular occurrence, is an example of a substantial alteration that may occur in any large hospital system. A new EHR was introduced during the study period, a system-level change which is increasingly common in hospital systems given the rapid expansion of EHRs nationally. 28 At our hospital, this change may have had implications in care delivery through changes to workflow and the introduction of clinical decision support. 29 As a result, our findings may have been influenced by the change in EHR. The possibility that the new EHR affected workflow is supported by findings that EHR interactions increased substantially after the introduction of the new EHR. In this study, we observed a substantial decrease in weekend to weekday variability in EHR interactions, a measure associated with intensity of care, 3, 4 following implementation of the initiative. However, because of the mid-study transition in our hospital-wide EHR platform, we were unable to determine the relative contribution of the 7-Day Hospital Initiative to these observed changes in EHR interactions.
Additional limitations of our study design deserve consideration in the interpretation of our findings. First, the initiative was implemented and evaluated at a single institution, and results may not be generalizable to other hospitals. Second, readmissions were counted only if they occurred at our hospital, which may have led to misclassification as a result of patients going to other hospitals. Third, we were unable to determine the effect of the intervention on important patientreported outcomes such as quality of life and patient satisfaction. Fourth, we did not evaluate a number of interventionrelated process measures, such as timing between ordering and the performance of diagnostic tests or evaluation of weekend discharge collaboration and communication. Fifth, we were unable to discern the relative effect of each component of the intervention on observed outcomes.
Our findings suggest that a multifaceted intervention designed to improve care on weekends may improve hospital throughput, though we did not detect an impact on clinical outcomes such as readmissions or mortality. This study also affords a look at the impact of a large-scale perturbation on an evaluation of the effectiveness of a system-level care improvement intervention in a real-world hospital setting. As Hurricane Sandy and the new EHR had effects on the implementation and possibly the outcomes of the intervention, studies evaluating similar interventions in other hospital systems are warranted.
